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ABSTRACT 



This report contains national estimates based on 
findings from the Health Examination Survey in 1963-65 on height and 
weight measurements of children 6- to 1 1- years-old. A nationwide 
probability sample of 7,119 children was selected to represent the 
noninstitutionalized children (about 24 million) in this age group. 
Height was obtained in stocking feet with the head in the Frankfort 
Plane, subject standing erect but not manually elongated, and 
recorded by means of a polaroid camera mounted on the measuring rod. 
Weight was measured in standardized clothing on a self-recording 
scale. The present findings are compared with other findings, both in 
the past and in other countries. There has been a steady and very 
regular increase in both height and weight of children in the United 
States over the past 90 years. American children are among the 
largest in the world. American boys at age 6 are slightly taller and 
heavier than the girls, but, by age 11, the girls are larger. While 
heights for white and black boys in this age range are comparable, 
white boys are slightly heavier than black boys at every age. Black 
girls are taller and weigh slightly less than white girls until age 
11. Height and weight as measures of growth of the developing human 
and the use of these findings as standards, both clinical and 
epidemiologic, is discussed. Three-fifths of this document consists 
of detailed tables. (Author/AJ) 
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THIS REPORT CONTAINS national estimates based on findings from 
the Health Examination Survey in 1963-35 on height and weight measure- 
ments of children 6-11 years of age. 

For this part of the survey a nationwide probability sample of 7,417 
children was selected torepresent the roughly 24 million nonins titution- 
alized children 6-11 years of age in the United States . Of these, 7,119 , 
or 96 percent, were examined . 

Measurements of height and weight on each examinee was part of the 
standardized examination . Height was obtained in stocking feet with the 
head in the Frankfort Plane, subject standing erect but not manually 
elongated, and recorded by means of a Polaroid camera mounted on the 
measuring rod to reduce observer error . Weight was measured in 
standardized clothimg weighing less than 2/3 lb., on a carefully cali- 
brated, self-recording scale, to minimize measurement error . 

The present findings are compared with other findings, both in the past 
and i:z other countries . There has been a steady and very regular in- 
crease in both height and weight of children in the United States over 
the past 90 years. This increase has been on the order of 10 percent 
for height and 15-30 percent for weight, although all the causes and 
meaning of this increased stature and bulk are not readily apparent . 

American children, both white and Negro, are amongst the largest in 
the world. White Americans are in the highest group, both in height and 
weight, compared to their European counterparts, while Negro Ameri- 
cans are taller than the tallest African sample reported at 8.0 years 
of age* 

American boys at age 6 are slightly taller and heavier than the girls; 
but, by age 11, the girls are larger . This holds true for both white and 
Negro children analyzed separately and together. 

The boys of the two races are essentially the same height throughout 
this age range, but white boys are slightly heavier than Negro boys at 
every age. 

Negro girls, on the other hand, are taller than their white age peers 
throughout this span, and, although they weigh slightly less until age 11, 
they then become both taller and heavier than the white girls. 

This report does not include analysis by socioeconomic or urban-rural 
classifications. 

Height and weight as measures of growth of the developing human and 
the use of these findings as standards, both clinical and epidemiologic, 
is discussed , 
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Cycle 1 of the Health Examination Survey 
(HES), conducted from 1959 to 1962, obtained 
information cn the prevalence of certain chronic 
diseases and on the distribution of a number 
of anthropometric and sensory characteristics 
in the civilian, noninstitutionalized population 
of the continental United States aged 18-79 
years. The general plan and operation of the 
survey and Cycle I are described in two previ- 
ous reports, 1,2 and most of the results are pub- 
lished in other PHS Publication 1000-Series 11- 
reports. 

This report on the height and weight of 
U.S. children 6-11 years old is one of a series 
of reports on the findings from Cycle II which 
started in July 1963 and was completed in De- 
cember 1965. The plan, operation, and response 
results are described in some detail in PHS 
Publication 1000-Series 1-No. 5. 3 

Cycle II of the Health Examination Survey 
involved selection and examination of a prob- 
ability sample of the noninstitutionalized chil- 
dren in the continental United States aged 6-11 
years. This program succeeded in examining 96 
percent of the 7,417 children selected for the 
sample. The examination had two focuses: on 
factors related to healthy growth and development 
as determined by a physician, a nurse, a dentist, 
and a psychologist; and on a variety of somatic 



a Medical Advisor, Division of Health Examination Sta- 
tistics; Associate Professor of Anthropology, University of 
Texas, Austin, Texas; and former Analytical Statistician, Di- 
vision of Health Examination Statistics, respectively. 
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and physiologic measurements performed by 
specially trained technicians. 

In this report data on height and weight are 
analyzed and discussed by chronologic age, sex, 
race, and geographic region (tables 1-12). The 
techniques of measurement and quality control 
are discussed. The present findings are com- 
pared with other major studies, both longitudinal 
and .cross-sectional, conducted elsewhere. While 
this report takes cognizance of other major 
studies on height and weight in children, it does 
not purport to be a comprehensive review^ of all 
the studies which have obtained heights and 
weights on children. The analyses of height and 
weight with variables other than age, race, sex, 
and region will be presented in future reports. 
Consideration of body composition and configu- 
ration, of obesity, and of nutritional status will be 
the subjects of future separate reports as will 
the examination of the relationship of height and 
weight with other variables such as IQ t school 
achievement, and self-concept. These future re- 
ports will also utilize skeletal age determined 
from an X-ray of the hand and wrist as a measure 
of biologic age or state of maturation. Thus, in 
addition to chronologic age, which is used by it- 
self in this report, two other measures of ’’age" 
will be considered in the future: biologic (skeletal 
age) and some index of behavioral, intellectual, 
emotional, and achievement level. 

METHOD 

At each of the 40 randomly selected locations 
throughout the United States, the children were 
brought to the centrally located trailers for an 
examination which lasted about 2A hours. Six 
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children were examined in the morning and six 
in the afternoon. Except during vacations, they 
were transported from school and back. 

When they entered the trailer, the children's 
oral temperatures were taken and a cursory 
screening for acute illness was made; if illness 
was detected, the child was sent home and re- 
examined at u later date. The examinees next 
dressed in shorts, cotton sweat socks, and a 
light sleeveless topper and proceeded to differ- 
ent stages of the examination, each one following 
a different route. There were six different sta- 
tions where examinations Were conducted simul- 
taneously and the stations were exchanged like 
musical chairs so that at the end of 2 Vi hours 
each child would have had essentially the same 
examinations by the same examiners but in 
different sequence. Thus, heights and weights 
were taken at successive half-hour intervals 
during the day. The exact time of each exami-' 
nation was recorded so that analysis could be 
made of any diurnal or sequential effect. Analy- 
sis of the data has showed no meaningful differ- 
ence during the 9:00 a.m. to 4:00 p.m. interval 
(see tables 27 and 28). 

Weight 

A Toledo self-balancing weight scale which 
mechanically printed the weight directly onto the 
permanent record was used. The direct printing 
was used to minimize observer and recording 
error. The scale was calibrated with a set of 
known weights and any necessary fine adjust- 
ments were made at the beginning of each new 
trailer location, approximately every month. 
This recorded weight was later transferred to a 
punched card to the nearest 0.5 pounds (lb.) The 
total weights of all clothing worn ranged from 
0.24 to 0.66 lb.; this has not been deducted from 
weights presented in this r sport. (The weights, 
then, are 0.24 to 0.66 lb. above nude weight 
recorded to the nearest 0.5 lb.). The examination 
clothing used throughout the year was the same 
so there is no seasonal variation in the effect of 
clothing. 

Height 

Height was measured in stocking feet, with 
feet together, back and heels against the upright 
bar of the height scale, head in the Frankfort 



plane ("look straight ahead”), and standing erect 
("stand up tall" or "stand up real straight" with 
some assistance and demonstration when neces- 
sary). However, there was no upward pressure 
exerted by the examiner on the subjects' mas- 
toids to purposefully "stretch everyone in a 
standard manner" as is done by Tanner and some 
others. It is reported that supine length, that is 
the recumbent position which relieves gravita- 
tional compression of the intervertebral spaces, 
yields 2 centimeters (cm.) greater length (height) 
and that height with Tanner's "upward pressure 
technique" measures 1 centimeter greater than 
with HES technique. 4 

The equipment consisted of a level platform 
to which was attached a vertical bar with a steel 
tape. Attached to the vertical bar perpendicularly 
was the horizontal bar, which was brought down 
snugly on the examinee's head. Attached to an- 
other bar in the same plane as the horizontal 
measuring bar was a Polaroid camera which 
records the subject's identification number next 
to the pointer on the scale giving a precise read- 
ing. The camera, of course, not only gives a 
permanent record minimizing observer and re- 
cording error, but by sliding up and down with 
the horizontal bar and always being in the same 
plane, it completely eliminated parallax. That 
is,if the pointer had been in the space in front of 
the scale, it would have been read too high if the 
observer had looked up at the scale from below 
or too low if read down from above. These extra 
efforts in quality control appear justified when 
the excellent level of reproducibility is noted 
(see fuller discussion of replicate studies in the 
appendix). 

RESULTS 

Mean Heights by Sex and Age 

Between the ages of 6.0 and 12.0 years 1 ’ 
there is an approximately linear increase in 
mean height for both boys and girls (fig. 1). This. 

^That is, G. 00-11. 99 years at time of selection for exami- 
nation. When a mean value is given in a table or plotted on a 
graph, the integer age is used, referring to age at last birth- 
day, i.e., “G year old” means all children G.00 through G.99 
years with a mean value of approximately G.5 years. Tahle 1 
gives exact mean ages to nearest hundredth of each yearly 
interval. 
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Figure I. Mean heights for U.S. chi ldren, 6-1 1 years 
of age, by sex and age. 



linear relation results from a very regular in- 
crease in the means of the heights each year 
during the ages of 6-11 for both boys and girls. 
The girls* average annual increase in mean 
height is 6.0 cm. (2.36 in.) over the age range 
6-11 years, while the boy's average annual in- 
crease in mean height is only 5.4 cm. (2.13 in,). 0 
The mean heights for boys increase from 118.6 
cm. (46.7 in.) at age 6 years to 145.7 cm. 
y (57.3 in.) at age 11 years. For girls the means 
increase from 117.8 cm. (46.4 in.) at 6 years of 
I age to 147.6 cm. (58.1 in.) at 11 years. 

Between ages 6 and 8 years the mean 
{ heights for boys average 0.8 cm. (0.3 in.) more 
f than those for girls. At age 9 the mean heights 
5 for .boys and girls are equal, but at 11 years the 

I meon height for girls is 1.9 cm. (0.75 in.) 

greater (tables X and 2) than that for boys, 
j: From tables 1 and 2 it can be seen that the 

i standard deviations for height increase from 
[ ages 6 through 11 years for both boys and girls. 

| This indicates that the distributions are more 

jj compact at lower ages for both sexes, and con- 
- versely both sexes become more heterogeneous 

f 

i 

i 

[ °For comparative uses and for ease of data handling, the 

i metric system is used throughout this report. Except when 
unwieldy, inches and pounds are included parenthetically. 
Equivalents are as follow’s: 1 inch (in.)*2.54 centimeters 
(cm.); 1 cm.sO-39 in.; 1 kilogram (kg. >2.2 pounds (lb.) ; 1 
lb.i0.45 kg. 



in height and weight as they get older. This in- 
creasing heterogeneity also holds true when using 
the coefficients of variation 1 rather than simply 
the standard deviations. 

Mean Weights by Sex and Age 

The yearly increment for mean weight in- 
creases for both boys and girls during 6-11 
years of age (tables 3 and 4) is not as regular as 
it is for heights. The increment between ages 
6 and 7 for boys is about 2.7 kg. (5.9 lb.). This 
increment increases to about 4.6 kg. (10. 1 lb.) 
for boys between the ages of 10 and 11. For 
girls the increment in mean weight increases 
from 2.6 kg. (5.7 lb.) between ages 6 and 7 to 
4.7 kg. (10.3 lb.) between ages 10 and 11. 

Increments of mean weight from year to year 
are unequal, and so the curve of mean weight by 
sex and age (fig. 2) is not quite linear. There is 
an unexplained tendency towards flattening of the 
boy's slope between 9 and 10 years (possibly a 
result of mere sampling variability, while at no 
age does the girls' slope diminish. 

For boys the mean '"eights increase from 
22.0 kg. (48.4 lb.) at age 6 to 38.4 kg. (84.4 lb.) 
at age 11. For girls the increase is r v om a mean 
weight of 21.6 kg. (47.4 lb.) at age 6 to 40.0 kg. 
(88.0 lb,) at age 11. 

Between ages 6 and 8 years boys are, on the 
average, about Vl to J lb. heavier than girls. 
At age 9 girls are about l A lb. heavier than bovs. 
but at the age of 11 years the average weight for 
girls is 3.6 lb. greater than that of boys. 

T he same pattern exists for the distributions 
of weight as for the distributions of height. The 
distributions for weight are, in fact, even more 
compact at the lower ages, relative to the dis- 
tribution of weight for the older ages, than are 
the distributions of height. Thus children become 
more heterogeneous in weight than they do in 
height at ages 6 through 11 years. 



rJ The coefficient of variation is computed by dividing the 
standard deviation by the mean. Big boulders w'oukl have a 
greater standard deviation than small pebbles si.nply because 
all their dimensions are greater absolute numbers (the mean 
and the variance) even though, in fact, it is true that they were 
no more heterogeneous than the pebbles. By use of dimension- 
less ratios a truer comparison of relative variance or hetero- 
geneity is gotten. 
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Figure 2. Mean weights for U.$. children, 6-1 1 years 
of age, by sex and age. 

Percentiles for Distribution of Heights 
and Weights 

Percentile distributions for heights and 
weights are given in tables 1-4. The percentiles 
are derived from the percentage distributions 
given in tables 5 and 6. 

It was assumed that the measurements— 
heights and weights — were distributed uniformly 
across each of the height and weight groups. On 
the basis of this assumption the linear interpo- 
lation method was used to derive both the height 
and weight percentiles. For both the heights and 
weights the 5th, 10th, 25th, 50th, 75th, 90th, and 
95th percentiles were derived for each sex-age 
group. Graphs of the percentile distributions are 
given in figures 3-6, 

Weight by Height 

Figure 7 gives weight by height group. 
Tables 13-26 give the percentile distributions 
of weight for each sex- age class and each 
5-cm. (approximately 2 in.) height group. The 
heights are grouped in 5-cm, intervals be- 
tween 105.0 cm. (41.3 in.) and 165.0 cm. (64.9 
in,,) along with the two tail groups. The 10th, 




Figure 3. Percentile distributions of boys, 6-1! years 
of age, by height. 
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Figure 5. Percentile distributions of boys, 6-11 years Figure 6. Percentile distributions of girls, 6-1 1 years 
of age^by weight. of age> by weight. 



25th, 50th, 75th, and 90th percentiles are given 
Although the 5th and 95th percentiles are given 
when the height and weight percentiles are given 
separately by sex and age, the further sub- 
classification by height groups in the weight by 
height distribution makes these percentiles very 




unstable. This instability for the 5th and 95th 
percentiles is due to the small sample size re- 
sulting from the fine subclassification by sex, 
age, and height group. 

Percentile distributions were derived from 
sample sizes as small as 15 for the above sub- 
classifications. Whenever less than 15 were 
available for a sex-age-height group, the per- 
centile is not given since sample sizes this 
small would make the distribution far less mean- 
ingful. This cut-off point of 15 is arbitrary and 
relative— less value should be attached to the 
percentiles derived from sample sizes of 15-30 
than to those derived from much larger samples. 

Racial Differences 

Height.— Table 10 and figure 8 show that 
from age 6 through 8 years Negro boys are on 
the average 0.6 cm. taller than white boys. At 
ages 9 and 10 white boys are, respectively, 0.5 
and 0.7 cm. taller than Negro boys. At age 11 the 
mean height for both white and Negro boys is the 
same. At all ages 6 through 11, except age 8, 
Negro girls are taller on the average than white 
girls. At age 8 both Negro and white girls have 
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Figure 8. Average height of U.S. ch i Idren, 6-1 i years 
of age, by race and sex. 



the same average height. In fact, Negro girls are 
also on the average taller than white boys at all 
ages except age 8. At age 8 the white boys are 
only 0.4 cm. taller than the Negro girls. 

The biggest differences for mean heights 
occur at age 11. At this age Negro girls are the 
tallest at 149.2 cm. followed by white girls at 
147.2 cm. (this 2-cm. difference is significant 
P < .05). Then come both white boys and Negro 
boys at identical mean heights of 145.7 cm. 

When a two-tailed test of significance was 
applied at each of the 6 years of age for the 
difference between Negro and white girls' mean 
heights, only at agijs 9 and 11 was the difference 
significant at the .05 level with these sample 
sizes. At none of the 6 years were the white and 



Negro boys 1 differences significant at the .05 
level with these samples. 

At age 11 the amount that the Negro girls 
are taller than the Negro boys is significantly 
greater (P< .05) than the amount that the white 
girls are ^taller than the white boys. 

Weighty Table 11 and figure 9 show that 
white boys are, on the average, heavier than 
Negro boys at each age from 6 through 11. 
These differences range from 0.2 kg. (0.44 lb.) 
to 2.0 kg. (4.4 lb.) during the ages of 6-11. 
At ages 7, 9, 10, and 11 years white boys are 
significantly heavier (Pc.05) than their Negro 
counterparts. 

At ages 6-9 white girls are on the average 
0.5 kg. (1.1 lb.) heavier than Negro girls. At age 
10 Negro girls are 0.6 kg. (1.3 lb.) heavier than 
white girls. By the age of 11 years Negro girls 
are 1.3 kg. (2.9 lb.) heavier than white girls. 
Only at age 11 is the difference statistically 
significant at the 0.5 level. 

Not only at age 11 but also at age 10, the 
amount that the Negro girls are heavier than the 
Negro boys is significantly greater (^<.05) than 
the amount by which the white girls are heavier 




Figure 9. Average weight of U.S. children, 6-il years 
of age, by race and sex. 



DISCUSSION 



than the white boys. Thus the increasingly greater 
heterogeneity of weight than height is revealed 
not only by charting measures of variance but 
also in this sex-by-race comparison. 

There is a definite trend in the racial com- 
parisons of height and weight: in general, Negro 
children tend to be taller while white children 
tend to be heavier. At all ages the Negro girls 
are either equal to (age 8) or taller (ages 6, 7, 9, 
10, and 11) than white girls, but at every age 
white boys (though sometimes a little taller and 
sometimes a little shorter) are heavier than the 
Negro boys. 

Regional Differences 

Data from tables 7 and 8 and figure 10 indi- 
cate that at ages 6-11 both boys and girls tend 
to be taller and heavier in the Midwest and 
Northeast than in either the South or West. 



Growth is an essential property of all living 
things, but it culminates in a vast array of sizes 
and life spans. In size man is flanked by viruses 
and bacteria on the one side and by dinosaurs 
and whales on the other, while in length of life 
he lies between the few brief hours of the free- 
flying adult May fly and the 5,000 years of some 
bristle cone pines* Time is reckoned in two 
ways for all growing things: the lapse of side- 
real (calendar) time and the major events of 
biologic time. The first tells us how long, rela- 
tive to planetary motion, the organism has lived; 
the second tells us the stage it has achieved in 
its own process of cellular and supraceliular 
maturation. 

n Age," as such, is purely relative in growth. 
An hour in the life of a colony of bacteria is 



Northern Well — — 





in 

x 





Figure 10. Wean height and weight differences from the national average for U.S. chi Idren, 6-1 1 years of cge,by 

geographic region and sex. 
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Species 


Length of 
pregnancy 


Status at 
birth 


Period of 
dependency 
on mother 


Learns to 
walk 


Suckled for: 


Capable of 
social inde- 
pendence 


Sexual 

maturity 


Social 

organization 


Longevity* 


Lemur 


111, 145 days 
(two species): 
multiple 
births: other 
primates usu- 
ally single 


Re latively 
very large, 
mature, 
with senses 
functional 


A few hours 
or days 


Within 
first 
week, 
usually ' 


Several days 
or a few 
weeks 


Within a few 
weeks 


Within a 
year 


Tar sins in 
pairs; but 
some lemurs 
are gregari- 
ous 


25 years 


Monkey 


Marmoset 150 
days; ma - 
caque, 163 
days; rhesus, 
166 days 


Relatively 
large, ma- 
ture, with 
senses well 
developed 


A few days 
or weeks 


Within 
first 
month , 
usually 


Several 

weeks 


Within 2-4 
months 


Within 
2 or 3 
years 


Mostly gregar- 
ious; harem- 
forming in 
some baboons 


15-45 
years , 
depending 
on species 


Ape 


Gibbon, 200 
days; chim- 
panzee, 235 
days 


Re latively 
very small 
and help- 
less, with 
senses part- 
ly func- 
tional 


3-6 months 


Within 6 
months , 
ordinar- 
ily 


Several 

months 


Within 12-18 
months 


Within 

8-12 

years 


Gibbon: family 
bands; orang: 
?sexes apart 
except at 
mating; chimp: 
bands of 4-14 
(av. 8.5); 
gorilla: 
groups of 2-4 
nests; maxi- 
mum known 16 


25-45 
years , 
depending 
on species 


Man 


266 days 


Relatively 
small and 
helpless , 
with senses 
partly func- 
tional 


At least 
a year 


Within 18 
months , 
usually 


1-2 years 


Within 6-8 
years 


Within 

10-14 

years 


Exogamous 

family 

groups within 
larger soci- 
eties 


Depends 
upon time** 
and coun- 
try; in 
U.S. a 
male born 












- 








now may 
expect to 
live 67 




















years; a 
female, 72 




















years 


Trend 
from 
lemur 
to man 


Lengthening 
of the per- 
iod of ges- 
tation 


Smaller, more 
helpless 
and immature 


Dependency 

increases 


Longer 

time 

needed 

to 

learn 

to 

walk 


Length of 
suckling 
extended 


More time 
needed to 
achieve 
social in- 
dependence 


Puberty 
pro - 
gres- 
8 ively 
delayed 


Tendency for 
family to 
emerge in 
higher 
primates 


With human 
culture , 
longevity 
distinctly 
increases 
over 
infra- 
humans 



•Figures based on known maxima of life in individual animals in captivity; since the average span life in wild animals is 
less, and only the average (not the maxima) for humans has been given, the contrast in longevity between man and the infra-human 
primates is probably much greater than the table indicates. 

**See figures for Neanderthals, later Stone Age men, men in primitive societies, e leventh -century Englishmen, and modern 
Europeans and Americans. The average length of life steadily increases; there is probably no prolongation of the potential dura- 
tion of life in Homo sapiens, which is possibly stationary through the ages. The differences are probably due to decreased life- 
hazards, i.e., are cultural and not biological. 



Figure II. Comparison of individual development in primates , G 



vastly different from an hour to a daisy, a 
crocodile, a robin, a man, or to the giant red- 
wood tree or to the ageless anthrax spore. 

The important thing for humans is that while 
man shares the process of growth and decay with 
all other plants and animals, he is set distinctly 
apart by the protracted period of his infancy and 
childhood. It is as though nature, cognizant of 
man's unique cerebral evolution, cooperates by 
providing a lonjA training period. This is illus- 
trated in the following chart of comparative 
development and the chart in figure 11. 



Ratio of length of M childhood M to life- 
span for man and other mammals 7 



Animal 


I 

Length of 
’’childhood" 


II 

Usual 

life- 

span 


Ratio 
of I 
to II 


Man 


14 years 


70 years 


1:5 


Dog 

Sheep , 


9 months 


16 years 


1:21 


goat 


5 months 


12 years 


1:29 


Cow 


6 months 


16 years 


1:30 


Horse 


9 months 


27 years 


1:36 


Pig 


4 months 


12 years 


1:36 
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Herein lies one source of man's boasted 
supremacy over all other beasts — he is essen- 
tially a learning animal. He unfolds biologically 
so slowly that his mental processes are enabled 
to absorb the cumulative experience of the 
species. Each successive generation does not 
have to invent the wheel all over again. The 
measurement of a host of somatic, physiologic, 
and behavioral variables within a context of 
healthy growth and development during this 
uniquely human protracted childhood and ado- 
lescence is the object of Cycles II and III of the 
Health Examination Survey. 

The two most universally accepted measures 
of human physical growth are height (increase in 
linear size) and weight (increase in bulk). 5 These 
are the two measures reported here in this first 
of a series of reports of the detailed growth 
findings of Cycle II of the Health Examination 
Survey. The time framework for this report is 
the chronologic time elapsed from the moment 
of birth to the moment of measurement, i.e., 
sidereal, calendar, or planetary time; the "other 
time," biologic time, will also be included in 
future reports. 

When discussing growth in humans, the 
differences between data derived from cross- 
sectional studies and those derived from longi- 
tudinal studies cannot be overemphasized. Both 
modes have their strong points and their limi- 
tations, and it is only by combining the two per- 
spectives that a full description of the growth 
process can be obtained. While longitudinal stud- 
ies provide the most information, the cross- 
sectional studies are logistically more efficient, 
more easily made representative of the total 
population, and equally appropriate for many 
purposes. 

Longitudinal studies follow a group of people 
through time making serial observations at speci- 
fied intervals over a period of months or years. e 
The intervals should not be so short that the 
measurement error overwhelms the real in- 
crement nor so long that the critical points on 
the growth curve are missed. After the rapid 
changes in the first months of life necessitating 



°Tho Child Research Council in Denver has been follow- 
ing some of their subjects regularly for 42 years now (and 
into the second generation). 



very frequent observations, it is customary to 
set the intervals so that most of the physical and 
physiologic observations occur once or twice a 
year (preferably at the birthday, both for ease of 
remembering the examination date and for in- 
creased efficiency of analysis) but, then, to in- 
crease again the frequency of observations during 
the circumpuberal growth spurt and afterward to 
taper off to much longer intervals. For a fuller 
discussion of optimal frequency of observation 
see Krogman's discussion of work done by 
Meredith and Marshall. 5 

Growth being a sequence of highly inter- 
dependent events extended through sidereal time 
which are unified by being the attributes of one 
person can really be understood only when re- 
lated to an individual (real or a construct) fol- 
lowed through time. In fact, one of the earliest 
systematic studies of growth— and certainly the 
alltime champion for its contribution of new in- 
formation— was extremely simple and straight- 
forward in design: Philibert Gueneau de Mont- 
beillard from 1759 to 1777 made serial height 
measurements every 6 months on his first-born 
son. 7 If all humans grew identically, except for a 
few refinements in de Montbeillard's measuring 
technique, there would have been no necessity 
for increasing the sample of heights on humans 
from this one. 

But variations in attained height and weight 
at a given age (distance curves) and variations 
in patterns of attainment or rates of growth 
(incremental or velocity curves) pervade the 
entire process of measurement of growth and so 
there are introduced immense problems of sam- 
pling variation and sample size. 

Longitudinally is the "natural" way to study 
growth. And this is the only mode which can de- 
scribe variations from person to person in rates 
of growth and which can produce individual in- 
cremental curves. It is also the most efficient 

Q 

(Tanner estimates 20 to 1) mode for group in- 
cremental curves. But the longitudinal approach 
has great logistic limitations which usually re- 
strict the sample size to several hundred or less. 

The study of the variation of heights and 
weights in a given population by accurate demo- 
graphic variables at a point in time is the chief 
strength of the cross-sectional mode. With its 
many logistical advantages it allows a large and 
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representative sample, so an overview of great 
accuracy in ranges and estimates of variations 
can be made. 

The cross-sectional is topographic. As a map 
doesn't tell much about a city (and nothing of its 
history) although it locates the city very accu- 
rately in time and space, so the cross-sectional 
data can allow the accurate placement of an in- 
dividual— a t a point in time relative to the rest 
of the group— for the particular variable under 
study. 

Cross-sectional data of attributes of growth 
and development obtained, on different age co- 
horts and then grouped by ascending order of 
chronologic age, as these data have been, can be 
very deceiving. It is very tempting to follow the 
mean value from one age grouping to the next 
and to presume that this is a description of the 
growth pattern of the average typical American 
child. That would not be entirely correct. It is 
true that the mean value of height is the best 
estimate of height for the group of children of 
each of the successive age cohorts measured at 
that point in time. However, because of sampling 
differences from age group to age group (children 
of age 8 are a different sample from those of age 
9 or of age 10 in this study) but mostly because 
real children reach their adolescent growth spurt 
at different times, these successive group aver- 
ages do not describe the actual growth to adult- 
hood of the average, or typical, child. 

In one of the most carefully done longitudinal 
studies,, it has been demonstrated that growth 
of the long bones of the extremities 9 “ 11 (which de- 
termine most of the height) during Infancy (up to 
about 4 years) is quite erratic within both the in- 
dividual's own incremental curve over time and 
the individual compared with the rest of the group. 
The curve described by the successive averages 
for this age period is falsely smooth relative to 
a real individual. However, during midchildhood 
(from about 4 years to about 9 to 10 years in 
most girls and 11 or years in most boys), when 
somatic growth and physiologic processes, like 
behavior, are quite stable, the smooth linear 
curve of the group averages probably best de- 
scribes the growth curve of the flesh-and-blood 
child, except for the small annual fluctuations 
frequently reputed to be due to seasonal vari- 
ation in rates of growth. Since de Montbeillard's 



study of his son, there has been a growing liter- 
ature on seasonal variation in rate of growth of 
children. 12- * 15 The fact that, the extremely meticu- 
lous Denver study has failed to demonstrate this 
seasonal variation may mean that in some en- 
vironments or with some sociogenetic groups of 
people this seasonal variation does not operate 
with sufficient force to be detected. On the other 
hand, the possibility that this seasonal variation 
is merely a statistical fiction deriving from 
measurement error overwhelming the real change 
does not appear too likely because it reappears 
rather consistently in diverse times and places 
and the season of this reputed greatest growth in 
height and weight is rather constantly spring or 
summer. But for the circumpuberal period, the 
curve of the group means can be the most mis- 
leading. 

As vividly and forcefully described by 
Tanner , 16 when the age cohorts move through 
adolescence and the growth spurt occurs amongst 
the individuals at very different times, the aver- 
age of the group, by averaging out or blunting 
the peaks of the differently phased individuals' 
crests, is falsely low . The rate of movement of 
the average is much less than that of the typical 
real person — in fact, any individual whose growth 
curve during adolescence was best described by 
the composite curve constructed from the group 
average of each consecutive age would definitely 
be atypical, or abnormal. The typical, or average, 
growth curve of the individuals would be much 
steeper than the curve typical of the group, i.e., 
the mathematical average. 

The critical reader with a good memory 
(who had had a typical child) who looked at the 
curve described by the successive averages (or 
group averages) and said, "When my boy really 
grew fast, he grew much faster than the aver- 
age," might be confused, but he would be abso- 
lutely correct in his observation. 

In short, to use these cross-sectional data 
properly, the inherent limitations must be borne 
in mind. 

Sex Differences 

The differences between the means of males 
and females at corresponding ages are numeri- 
cally quite small. Maximum differences are but 
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2 cm. (less than 1 in.) in height and 1.7 kg. (about 
3# lb.) in weight. The age period immediately 
prior to the adolescent growth spurt f has been 
shown to be the time when children grow the most 
slowly and when size differences between the sexes 
are but very slight. 5,8 Data from the HES are in 
accord with these findings for this age range. 

Despite the lack of any great differences 
between the means of any particular age, dif- 
ferent patterns can be observed in males and fe- 
males between the curves of growth indicated by 
the lines connecting the cross-sectional means. 
The increase is, for either sex, essentially 
linear over this 6-11 age range, but the slope of 
the line is greater for girls than for boys. For 
the former the regression of height on age is 
5.92 cm. per year (2.3 in. per year) and for the 
latter, 5.37 cm. per year (2.1 in. per year). 
The slopes for weight are 3.69 kg. per year 
(8.1 lb. per year) and 3.21 kg. per year (7.1 lb. 
per year) respectively. These findings indicate 
that the rates of increase in both height and 
weight are greater for females than for males 
6-11 years of age. 

This difference may also be seen if the fe- 
male means are plotted on the percentile dis- 
tributions for males as given in figure 3. At age 
6 the female height mean is at the 42d percentile 
for males. This means that at this age 58 of 
every 100 boys are taller than an average girl. 
The female mean moves with increasing age 
steadily upward through the percentiles for the 
males until at age 11 it is at the 58th percentile. 
Thus at this age 58 of every lOUboys are shorter 
than a girl of average height. 

The same pattern exists for the means for 
weight in females relative to the male percentile 
distribution. They move from the 43d to the 56th 
percentile. 

All of the cross-sectional data, therefore, 
indicate that from 6-11 years of age girls are 
growing at a more rapid rate than are boys, 
though the attained-size curves of both sexes 
show the increase to be almost linear. In the 
early part of the range the boys are a little 



^As will be pointed out later, the girls as a group have 
already entered the circumpuberal growth period. 



larger, but by the end they are a little smaller. 
It is difficult to explain this obvious difference 
in rate of growth. Many of the girls of the HES 
sample have already entered their adolescent 
spurt of growth near the end of the period, there- 
by accounting for their greater size at 10^ years 
and especially at ID* years. 8 On the other hand, 
these differences at 10^ and 11J£ are but part of 
a trend observable at 6, 7, 8, and 9 years. Even 
though the earlier maturity of the girls explains 
part of the differences, it certainly cannot explain 
most of it from 6 to 12 years. The HES data on 
heights (fig. 1) suggests a slight upward inflect ion 
of the girls 1 curve in the vicinity of 10^ years. 
However, with the different individual girls 
entering the growth spurt over a 5-year range, 
a sharp point of inflection would become badly 
obscured. 

The variability within each age and sex group 
increases with age as indicated by the standard 
deviations. Though the differences are not statisti- 
cally significant, girls display greater variation 
around their mean at every age than do boys. 
(Note that since weight has a skewed distribution 
with a long tail to the right, its standard deviation 
is not necessarily an accurate indicator of the 
actual variability in either this particular sample 
or the general population). The coefficients of 
variation are larger among females than males 
at every age, indicating that this increased vari- 
ability of females is not just a function of greater 
means. 

Race Differences 

Differences between the age-specific means 
of Negro children and white children of the 
Health Examination Survey are small. At 6, 7, 
and 8 years of age Negro boys are, on the aver- 



& 

Analysis of the individual growth curves on 80 girls from 
the Denver Child Research Council 17 gives a mean onset of 
the adolescent growth spurt at 9.57 years with a first in- 
flection at 10.96 years and maximum increment of growth at 
11.84 years with a range of 6 years. Therefore most girls are 
well into the adolescent spurt by 11.99 years, but very few 
boys have oven entered it. 

None of the population data yields any good clues as to the 
reason for the faster growth rate in girls from 6*10 years, 
however. 
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age, one-half to three-quarters of an inch taller 
than their white age peers; at 9 and 10 they are 
about a quarter of an inch shorter, and at 11 
they are essentially the same height. Small dif- 
ferences such as these could easily arise through 
sampling error, and there seems to be no justi- 
fication for saying that there is any difference in 
stature between Negro and white boys 6 through 
11 years of age in the United States. 

Negro girls are, however, taller than their 
white age peers except for the 8-year group, 
where the mean heights are the same. This 
difference ranges from 0.8 cm. (0.3 in.) to 2.4 
cm. (0.9 in.) and is statistically significant 
( />< .05) at 9 and 11 years. 

The data irom this national survey of Negro 
and white children parallel the findings of others; 
for example, in Philadelphia Malina 18 also found 
no difference in height between males but greater 
means for stature among Negro females aged 
6-11 years. The data of the HES survey as well 
as that of Malina indicate that this difference 
increases with advancing age from 6 through l 1 . 
The underlying reasons for this difference are 
not clear but may represent a more rapid rate 
of maturation among Negro females than amoig 
their white peers; thus, for example, a 9-year- 
old Negro girl is taller than a white girl of the 
same age because the former is biologically 
more precocious. Evidence for this comes from 
the assessment of skeletal maturity scores by 
Malina: he found little difference between the 
males but an advanced bone maturity score be- 
tween females of the two racial groups. 18 In 
addition as early as 1931, Todd 19 noted greater 
skeletal age discordance between Negro and 
white females than Negro and white males but 
did not draw any definite conclusions. Future 
reports of the Health Examination Survey will 
consider the question of rates c*f maturation 
and will shed further light on this difference. 

Although the differences in stature between 
Negro and white girls are statistically very 
real, they are nonetheless quite small and of 
very little consequence from a comparative or 
evaluative standpoint. Thus we may assess the 
stature of an individual Negro female, or of a 
white female as well, using the combined per- 
centiles from the entire study without fear of 
making any major error in our assessment. 
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Our data indicate that Ne^ro boys weigh 
less than their white peers at every age from 
6 through 11 years, the differences b^ing con- 
siderably greater at 9, 10, and ll years; for 
these three ages, the means differed frohxi.5 
to 2.0 kg. (3.3 to 4.4 lb.). Thus, though the sarhe 
in height, Negro boys weigh significantly less \ 
than their white counterparts. Despite their 
greater heights, Negro girls weigh slightly less 
as a rule than white girls of the same age until 
age 11, when they weigh slightly more. These 
differences are not nearly so great as those 
between the boys of the two groups. 

Thus there is greater weight for height 
among white children of either sex when com- 
pared with Negro children of the same age. 
Negro boys are as tall as white boys but weigh 
less; Negro girls are taller but weigh the same 
as white girls. HES skinfold values, when con- 
sidered along with other measurements dealing 
with the components of body mass, will help 
clarify these patterns. 

Geographical Differences 

As with race, small though consistent dif- 
ferences among the means of height and weight 
may be observed when the children are grouped 
by four geographical regions — Northeast, Mid- 
west, South, and West. The greatest differences 
between extreme values occurred for height 
among 9-year-old boys: 3.2 cm. (1.3 in.). For 
weight, a difference of 2.6 kg. (5.7 lb.) among 
9-year -old girls was the greatest. 

Although for either height or weight the 
ranking of the four regions varies, some patterns 
appear. Males and females of the Northeast and 
Midwest are almost always the largest; children 
of the South and West are the smallest of the 
sample. 

The HES data are unable to explain these 
regional differences from among the many ge- 
netic, cultural, economic, educational, and en- 
vironmental possibilities. 

Making sharp regional comparisons is not 
one of the strengths of the Health Examination 
Survey design for two reasons: (1) The four 
sampling quadrants of the country are listed in 
the appendix. These divisions were not prima- 
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